Nail psoriasis frequently affects patients with skin psoriasis, inducing not only aesthetic problems, but also functional damage. The disease represents a significant burden, impairing patients' quality of life. The treatment of nail psoriasis varies according to disease severity. Topical therapies are used if the nail involvement is mild, but their efficacy is limited and relapses are common. In more serious cases, systemic agents (both traditional and biologic molecules) have shown long-term efficacy. Among biologics, secukinumab is the only agent supported by evidence from a trial specifically conducted in patients with nail psoriasis.
N ail psoriasis affects 50-79% of patients with skin psoriasis and up to 80% of patients with psoriatic arthritis (1) . The nail matrix or nail bed can be involved by the disease, inducing aesthetic problems and functional damage to patients (2) . Clinical manifestations are typical when they involve fingernails, while they can be confusing when the toenails are affected, as they can include subungual hyperkeratosis, which is also a manifestation of onychomycosis. Differential diagnosis is therefore very important in choosing the most appropriate treatment. Diagnosis is based on clinical manifestations, but, in some cases, nail dermoscopy can help the physician to better visualize the alterations not visible to the naked eye. Where diagnosis is uncertain, a biopsy may be mandatory.
The severity of the disease is defined by a validated score, the Nail Psoriasis Severity Index (NAPSI), which is a useful tool for deciding the best treatment and for monitoring the response. The treatment of nail psoriasis is not standardized, ranging from topical therapy to systemic therapy, according to the severity and extension of the disease. Biologic therapies have also been introduced as a treatment option for nail psoriasis, although it is still not clear which is the most effective to treat this particular psoriatic localization.
EPIDEMIOLOGY
Psoriasis is a chronic inflammatory disease affecting up to 3% of the general population. The prevalence of nail involvement ranges between 15% and 79% (1, (3) (4) (5) . Nail psoriasis is less common in children, where the prevalence is 7-13%, while in adults it is more common, even in the absence of skin and joint involvement, reaching a prevalence of 5-10%. Approximately 90% of patients with psoriasis develop nail psoriasis during their life, and it does not appear to be related to the sex or age of the patient (6) .
CLINICAL MANIFESTATIONS
Clinical manifestations of nail psoriasis depend on the affected site of the nail, which can be the nail matrix, the nail bed, the proximal nail fold or the hyponychium (7) . All nails or only a few fingernails or toenails can be involved (Fig. 1A-C) .
When the disease affects the nail matrix, the most severe nail changes are observed, and include pitting, lunulae red spots and nail plate crumbling. Pitting is a very characteristic manifestation of nail psoriasis, and is diagnosed by the presence of small depressions on the nail plate surface. The pathogenetic mechanism of pitting is due to a focal defect of keratinization of the proximal matrix, with persistence of nucleated and incompletely keratinized (parakeratotic) cells within the upper layers in the dorsal nail plate, which are easily detachable, leaving the pits on the surface of the nail plate (8) . Psoriatic pits are usually large, and deep, with irregular shape and distribution, and are typically found on the fingernails. While pitting can also be observed in other diseases, such as alopecia areata and eczema, in these conditions it has different characteristics. Red spots on the lunulae (mottled lunulae) are considered to be non-specific manifestations of nail matrix psoriasis, as they can also be present in other diseases, such as nail lichen planus and eczema. When nail matrix involvement is severe, the nail plate can become fragile and deformed, which can lead to crumbling.
Alterations of the nail bed due to psoriasis decrease nail plate adhesion and cause onycholysis, subungual hyperkeratosis, oil-drop or salmon spots and splinter haemorrhages, all of which are considered non-specific manifestations of the disease. In nail bed psoriasis, an erythematous border surrounds the areas of onycholysis, which is very typical and diagnostic (8) . Another sign of nail bed psoriasis, more frequently observed at the toenail, is subungual hyperkeratosis, defined as an accumulation of scales under the distal portion of the nail plate, with nail thickening and uplifting. The "oil drop sign" or salmon patches appear as an irregular area of yellow-orange discoloration, which is easily visible through the transparent nail plate (9) and is very typical, while the presence of splinter haemorrhages, appearing as longitudinal linear red-brown areas of haemorrhage, almost always seen in fingernails, is not specific to psoriasis.
DIAGNOSIS
The diagnosis of nail psoriasis is usually based on clinical manifestations, but many features may confuse an inexperienced physician. For example, nail discoloration or subungual hyperkeratosis observed in nail psoriasis may also be present in onychomycosis. In these cases, dermoscopy can be very helpful for diagnosis, as the nail can be assessed in its entirety under high magnification.
Nail psoriasis may present with an extremely wide spectrum of symptoms, which vary in severity and type. Dermoscopy can be helpful for the diagnosis of psoriasis when the clinical features are not typical. Dry dermoscopy is recommended to visualize the alteration of the surface nail plate, which are more typical when the nail matrix is involved, while dermoscopy with ultrasound gel is recommended in cases of suspected nail bed psoriasis. A magnification power of 40-to 70-times is utilized to better visualize nail plate and nail bed abnormalities. High magnification permits the detection of sub-clinical signs that can be very helpful for a definitive diagnosis of nail psoriasis in doubtful cases.
On the nail plate, a dry dermoscopy enhanced visualization of superficial nail plate changes (pitting) shows pits that are large, deep, irregular in size and shape and irregularly distributed, easily distinguishable from those of alopecia areata, which are large, regular in size and shape and regularly distributed. Diffuse scales may be present, especially in the proximal part of the nail, resulting from the proximal matrix involvement.
In patients with nail psoriasis onycholysis, dermoscopy with ultrasound gel underline the erythaematous border surrounding the distal edge of the detachment, which appears as a slightly dented margin surrounded by a yellow-orange band, while in onychomycosis it shows a jagged proximal edge with spikes of onycholysis and longitudinal striae (10) .
Splinter haemorrhages, typically appearing as thin, longitudinal lines on the nail bed can also be magnified. When looking at the hyponychium, irregularly distributed, dilated and tortuous capillaries are observed in patients with splinter haemorrhages, which correlate with disease severity and response to treatment. Dermoscopy of the hyponychium is very helpful to confirm the diagnosis of psoriasis in patients with simple onycholysis or mild nail bed hyperkeratosis. Splinter haemorrhages are best visualized at 40-times magnification, but can also be observed with a handheld dermatoscope, where they look like red dots (11) . Capillary loops can also look like red dots with a hand dermatoscope (12) , and may also be seen in the proximal fold when it is inflamed. At the toenails, nail psoriasis is characterized by subungual hyperkeratosis, which has to be distinguished from onychomycosis. Thus mycology is essential in most cases. It is not uncommon that onychomycosis and psoriasis coexist in the same nail (13) .
Dermoscopy of the hyponychium may be a useful supportive tool for differentiating early psoriatic arthritis from early rheumatoid arthritis. Differential diagnosis of these 2 diseases may be quite difficult, as both may present with symmetrical articular involvement. In patients with psoriatic arthritis, dermoscopy shows diffusely distributed, red, dotted vessels. In contrast, in patients with rheumatoid arthritis, it is possible to observe 3 vascular patterns: irregular, blurry, purple vessels or avascular appearance or sparse, dotted, purple vessels (14) .
Nail biopsy may be necessary in selected cases. In particular, a matrix or nail bed biopsy is chosen based on the clinical manifestation of nail psoriasis, and Periodic Acid-Schiff staining for differential diagnosis with onychomycosis is always recommended (15) .
Recently, newer techniques, such as ultrasonography, have been proposed for the diagnosis of nail psoriasis, representing an interesting field of research. Ultrasonography of psoriatic nails shows hyperechoic parts or loss of definition of the nail plates, which can involve the whole nail or only the ventral part. The nail bed is thickened and can show, with the use of power Doppler techniques, an increased blood flow (16) . Optical coherence tomography is an instrument that provides images of tissue pathology in situ, and, used in nail psoriasis, shows a grossly dishomogeneous ventral nail plate irregularly fused with the underlying epidermis (17) . Confocal laser scanning microscopy can visualize cell structures of the skin up to a depth of 300 μm in vivo in a non-invasive way (18) .
SEVERITY SCORES
Due to the variability of its clinical manifestations, scoring nail psoriasis has always represented a true challenge for clinicians. In fact, none of the current scores have ever been completely validated, as each presents several limitations and they are often difficult to use in daily practice. The first available score, the Psoriasis Nail Severity Score (PNSS), was proposed by a group of rheumatologists in 1994, and only partially evaluates the psoriatic nail features (19) . Two other scores, the Nail Area Score (NAS) (20) and a scoring system proposed by Cannavò and colleagues (21) were introduced a few years later, differing from the first score for the introduction of a nail alteration severity grading system. However, the most-used score to determine the severity of nail psoriasis is the NAPSI, which considers the most characteristic lesions of nail psoriasis and divides them into 2 categories; some belonging to the nail bed (such as splinter haemorrhages, oil drop discolorations, onycholysis and nail bed hyperkeratosis), others belonging to the nail matrix (such as pitting, leukonychia, red spots in the lunulae and nail plate crumbling). When using the NAPSI, clinicians should score the presence or the absence of each lesion belonging to one of the aforementioned categories. The final score is the sum of the scores for each nail (0-80 for 10 fingernails, 0-160 if toenails are included) (22) .
The classic NAPSI score was very complicated and did not consider the severity of each lesion. To address this issue, the target NAPSI, which considered only the most affected nail, and the modified NAPSI, which graded the entity of each nail alterations, were also created (23) . In 2004, Baran created a nail psoriasis severity index score, which considers 5 psoriatic nail features (pitting, Beau's lines, subungual hyperkeratosis, onycholysis and splinter haemorrhages) and their severity (24) . More recently, 2 other scores have been proposed, the Nail Assessment in Psoriasis and Psoriatic Arthritis (NAPPA) (25) , which uses 2 questionnaires focused on the patient's quality of life and their expectations about therapy, and the Nijmegen-Nail psoriasis Activity Index tool (N-NAIL), which considers 5 nail features (onycholysis, Beau's lines, pitting, crumbling and subungual hyperkeratosis) and scores them from absent to severe on a 4-point scale (0-3) (26) .
Although several scoring systems have so far been proposed for nail psoriasis, there is a lack of consensus on the most appropriate of these measures, due to their lack of reproducibility and their difference in selection and type of scoring of included features (27) .
AVAILABLE TREATMENTS FOR NAIL PSORIASIS
Treatments for nail psoriasis are still limited. Nails are often difficult to treat with topical therapies, and relapses are common. Furthermore, systemic agents take some time to reach the particular sites, delaying response, and conventional systemic therapy, including, cyclosporine, methotrexate, and retinoids, can cause organ toxicities in the long term (6) .
The management of nail psoriasis should be based on both clinical involvement and the patient's quality of life, which is often dramatically affected by the disease. The presence of psoriatic arthritis should also be considered in the choice of the best therapeutic strategy. Current therapies for the treatment of nail psoriasis are shown in Table I .
Topical therapies
If the nail involvement is mild, quality of life is not seriously compromised, and psoriatic arthritis is absent, nail psoriasis should be managed only with topical therapies. Available topical treatments include steroids, the vitamin D3 analogues calcipotriol, tacalcitol and calcitriol, used in monotherapy or in combination with corticosteroids, tazarotene, topical calcineurin inhibitors, 5-fluorouracil and, more recently, apremilast nail lacquer (6) .
Topical steroids are probably the most-used topical therapies, both in plaque and nail psoriasis and, in nail psoriasis, they seem to be more effective in treating nail matrix disease than nail bed disease. They can be applied in several different formulations, such as ointments, creams, lotions, emulsions, and even nail lacquers. In all of these, the prolonged use of topical steroids has caused telangiectasia of the surrounding skin and atrophy. Furthermore, if topical steroids are used over several years, studies have documented a possible tapering of the treated digit, which can be caused by atrophy of the underlying phalanx, and is commonly known as "disappearing digit" (28, 29) . Therefore, the use of topical steroids should be limited or used in combination with other topical therapies.
Vitamin D derivatives regulate cell proliferation and differentiation and are widely used in both nail and plaque psoriasis. Unlike the topical steroids, they have demonstrated increased efficacy on nail bed lesions, such as subungual hyperkeratosis, onycholysis, and discoloration. Calcipotriol is the most common vitamin D derivative used for the treatment of nail psoriasis, alone or in combination with other topical treatments. A study of the combination of calcipotriol and betamethasone dipropionate in an ointment formulation did not demonstrate better efficacy than calcipotriol alone in a comparative study conducted in patients with mild nail psoriasis (30) . However, a recent case report has shown the successful use of a calcipotriol/betamethasone dipropionate gel after 6 weeks of treatment in a patient with severe nail psoriasis (31) .
Although several studies have been conducted on the use of tazarotene and topical calcineurin inhibitors in patients with nail psoriasis, their use is limited by their potential side-effects. Topical tazarotene can often cause erythema, irritation, and desquamation, while calcineurin inhibitors have been associated with acute paronychia. Topical formulations of anthralin and 5-fluorouracil are also now used only rarely for nail psoriasis, due to frequent adverse effects (pigmentation of the nail bed and inflammation, infection, discoloration or onycholysis, respectively) and their doubtful efficacy (4) .
Intralesional corticosteroids have a long history in the treatment of nail psoriasis, and they can be administered by needle injection or high-pressure jet from a tool such as the "Port-O-Jet" or "Med-Jet MBX". Needle injection of triamcinolone acetonide (5-10 mg/ml) monthly or every 2 months is still the most common method, and it seems to have good efficacy on the nail matrix lesions. However, side-effects, such as short-term paraesthesia, long-lasting focal pain, haematomas and nail fold atrophy, limit its use (4).
Systemic agents
Systemic therapies are not recommended for the treatment of isolated nail psoriasis, unless nail involvement causes functional impairment, reduced quality of life or when the pathology is resistant to topical therapy (32) . In addition, systemic treatments are considered when nail psoriasis is concomitant to severe skin disease (32) . Physicians have multiple choices that encompass both traditional systemic (acitretin, cyclosporine, methotrexate and phototherapy) and biotechnological therapies (from the most common tumour necrosis factor (TNF)-α inhibitors and anti-IL agents to the new T-cell modulators and small molecule inhibitors) (32) . Choosing the most appropriate therapy is not easy due to the limited number of studies that have focused on the response of these therapies in patients with nail psoriasis. However, a retrospective study conducted by Sánchez-Regaña and colleagues has demonstrated that all traditional and biologic systemic treatments significantly reduce NAPSI scores (32) . Acitretin. Low doses of acitretin (0.2-0.3 mg/kg/day) have been reported to induce a 40% reduction of the NAPSI in 24 weeks. Moreover, acitretin seems to be particularly effective on subungual hyperkeratosis (33) . However, it has failed to achieve significant improvements in nail psoriasis (34) . Cyclosporine. Among traditional treatments, cyclosporine appears to be the most effective, mainly for its longterm improvements on both the nail matrix and bed (32) . It is important to prescribe it for no longer than 6 months. Furthermore, a randomized trial demonstrated the superiority of cyclosporine over retinoids (35) , while other studies have demonstrated that cyclosporine is as effective as biologic therapies (36), particularly adalimumab. Methotrexate. Methotrexate has demonstrated similar efficacy to acitretin. However, data on its use in nail psoriasis are lacking (37) . Despite this, many physicians consider it to be beneficial for both skin and nail psoriasis (32) . Phototherapy. Phototherapies for the treatment of nail psoriasis include ultraviolet B (UVB) and psoralen and ultraviolet A (UVA), as well as their combination with retinoids. Studies have shown that phototherapy is effective for the treatment of nail psoriasis, but there is no consensus among the experts. It is important to note that narrow-band UVB (32) and UVA do not reach the proximal matrix itself through the nail plate, resulting in a variable efficacy on nail psoriasis. TNF-α inhibitors. Introduced in 2007, TNF-α inhibitors were the first biotechnological therapies used for the treat ment of psoriasis (38) . The group includes infliximab, etanercept, adalimumab, certolizumab and golimumab (39) . Infliximab is a chimeric monoclonal antibody against TNF-α (39). Its efficacy for the treatment of plaque psoriasis was demonstrated in the EXPRESS randomized controlled trial, with significant improvement in disease observed at weeks 10 and 24 vs. placebo (40) . Subsequently, the PSUNRISE randomized controlled trial (RCT) demonstrated the value of infliximab in patients with moderate-to-severe psoriasis who had inadequately responded to etanercept treatment (41) . Etanercept is a dimeric fusion protein that binds soluble TNF-α and has been shown to improve psoriasis after 12 and 24 weeks of therapy (42, 43) . The National Psoriasis Foundation recommends etanercept in patients with isolated nail psoriasis, as well as in patients who have nail and skin disease and those who have nail, skin and joint disease (44) . Adalimumab is a human monoclonal antibody with high affinity for TNF-α (39), and its effectiveness for the treatment of nail psoriasis has been investigated in RCTs (45, 46) and observational studies (47, 48) . These studies all demonstrated an improvement in NAPSI, and as such, the National Psoriasis Foundation has recommended the use of adalimumab in patients with nail disease alone, skin and nail disease or a combination of skin, nail and joint disease (44) . Adalimumab can be used alone or in combination with cyclosporine, as well as in patients in whom methotrexate is ineffective or who have failed to respond to other TNF-α inhibitors (49) . Furthermore, compared with other recommended therapies for nail psoriasis, patients receiving adalimumab reported having higher enthusiasm for the treatment, which has been shown to be associated with reduced disability and improved quality of life (39) . In a randomized, phase 3 trial vs. placebo, significant improvements were seen at 26 weeks in the 75% improvement in total-fingernail modified NAPSI (NAPSI75) response rate, and in other efficacy endpoints (46) .
Other effective TNF-α inhibitors available for the treat ment of nail psoriasis are certolizumab, a PEGylated Fab portion of a humanized monoclonal antibody against TNF-α (50), and golimumab, a monoclonal antibody engineered in a transgenic mice model (51) . However, in the studies for both of these agents, patients also received treatment with other systemic agents (such as methotrexate, sulfasalazine, leflunomide, or oral corticosteroids), which may be confounding factors for the response observed with these treatments.
Comparative studies among TNF-α inhibitors have failed to demonstrate clinically important differences in NAPSI reduction (52) . Anti-interleukin drugs. Immunological research has highlighted the central role of IL-17 and IL-23 in the pathogenic pathway of psoriasis (6) . Introduced into clinical dermatological practice after the introduction of the TNF-α inhibitors, the anti-IL drugs available for the treatment of nail psoriasis are ustekinumab (IL-12 and IL-23 inhibitor), secukinumab and ixekizumab (both IL-17 inhibitors) (39) .
Ustekinumab is a human monoclonal antibody that targets the p40 subunit of both IL-12 and IL-23, and which has been shown to be effective in the treatment of nail psoriasis (53) . Ustekinumab was evaluated in a retrospective study that aimed to determine the most effective biologic therapy for the treatment of nail psoriasis. However, the authors did not find any statistically significant difference between ustekinumab and the other drugs investigated (infliximab, adalimumab, etanercept) (54) .
Ixekizumab is a humanized monoclonal antibody against IL-17A. Although ixekizumab has demonstrated promising results in the treatment of nail psoriasis, this evidence comes only from post-hoc analyses of clinical trials conducted in patients with plaque psoriasis. For instance, in a post-hoc analysis of a phase 2, randomized, placebo-controlled trial (55), significant improvements in NAPSI were observed after 20 weeks of treatment in patients who received ixekizumab compared with those who received placebo. These findings were mirrored in another post-hoc analysis of the phase 3, multicentre, double-blind, placebo-and active-controlled UNCO-VER-3 trial. In the trial, ixekizumab was associated with a significantly greater improvement in NAPSI compared with placebo and etanercept after 12 weeks of treatment (56) .
Secukinumab is a fully human monoclonal antibody against IL-17A and is one of the latest biological therapies introduced for the treatment of both skin and nail psoriasis (57) . At present, it is the only fully human monoclonal antibody against IL-17A available in this setting. The second panel of Fig. 1 (D-F) shows images after treatment of nail psoriasis with secukinumab, illustrating our clinical experience with this human monoclonal anti-body against IL-17A. As can be seen, significant improvement has been achieved after 24 weeks of secukinumab treatment. The efficacy of secukinumab was investigated in the randomized, double-blind, placebo-controlled, parallel-group, phase 3 TRANSFIGURE study, which included patients with moderate-to-severe psoriasis with nail involvement. Of note, this is the only trial of an anti-IL-17A agent conducted to date specifically in patients with nail psoriasis; the carrying out of well-designed trials in this population has been proposed as a major goal of research in the field (27) . The primary outcome of TRANSFIGURE was to determine the superiority of secukinumab 150 mg and 300 mg vs. placebo in the change from baseline in NAPSI at 16 weeks, while secondary outcomes included the Psoriasis Area Severity Index (PASI) 75 and 90 response rates of both dosages. The results of TRANSFIGURE have been progressively reported at international meetings. To date, all outcomes of the TRANSFIGURE study have been achieved, with patients receiving secukinumab 150 or 300 mg having significantly greater reductions in NAPSI at week 16 compared with placebo (57) (Fig. 2) 1 . Moreover, high levels of skin clearance were seen with secukinumab treatment by week 16. Among all prospective, placebocontrolled trials evaluating treatments for nail psoriasis, the outcomes observed with secukinumab in the TRANS-FIGURE study show the highest week 16 efficacy reported to date (57) . No relevant safety signals have been reported. The TRANSFIGURE trial also has had the longest follow-up currently available among all studies of anti-IL17A agents in the setting of nail psoriasis. At the 32-week analysis of this trial, responses further improved, with a NAPSI change of -63.2% for the 300 mg dose and -52.6% for the 150 mg dose (Fig. 2) 2 . PASI 90 responses were achieved in 72.1% and 61.4% of subjects, respectively (Fig. 3A, while PASI 100 responses were achieved in 36.9% and 28.1% of patients, respectively, for secukinumab 300 mg and 150 mg (Fig. 3B) .
Further follow-up shows continued improvement from baseline NAPSI at week 80 (Fig. 2) , together with week 80 PASI 100 responses in 41.6% and 23.9% of patients for secukinumab 300 mg and 150 mg, respectively (Fig.  3B ) 3 . Moreover, reductions in total mean NAPPA-QOL (quality of life) and NAPPA-PBI (Patient Benefit Index) was observed, corresponding to disease improvement associated with secukinumab.
The benefit of secukinumab treatment has now been shown to be sustained through 2.5 years of follow-up, with a large mean improvement in NAPSI from baseline with secukinumab 300 and 150 mg, accompanied with www.medicaljournals.se/acta a sustained reduction both in total mean NAPPA-QOL and NAPPA-PBI global score 4 . T-cell modulators. This class of drugs includes inhibitors of T-cell co-stimulatory molecules and phosphodiesterase (PDE) 4 inhibitors (39). Among them, promising results have been seen only with apremilast, a PDE-4 inhibitor that increases levels of cyclic adenosine monophosphate (cAMP) and reduces the levels of pro-inflammatory cytokines (58) . Based on the results of this study, the National Psoriasis Foundation recommends its use for the treatment of nail psoriasis, though in a lower ranking than for some other agents (44) . Small molecule inhibitors. Tofacitinib is a Janus-kinase inhibitor. Two 52-week, randomized, controlled phase 3 studies in patients with moderate-to-severe plaque psoriasis showed that tofacitinib treatment resulted in improvements in nail psoriasis vs. placebo at week 16, as measured by NAPSI50, NAPSI75, or NAPSI100; improvements were maintained over 52 weeks (59) .
CONCLUSION
Many therapeutic options are now available to the physician treating nail psoriasis. In clinical studies, cyclosporine, TNF-α inhibitors and anti-IL drugs have demonstrated comparable overall efficacy and long-term results in this indication. However, secukinumab, an anti-IL17A fully human monoclonal antibody, has shown high efficacy to date up to Week 80 when considering all prospective, double-blind trials. Moreover, this agent not only has the longest follow-up to date, but also is the only agent in its class supported by evidence derived from a trial specifically conducted in patients with nail psoriasis. Our clinical experience with the use of secukinumab in our patients with nail psoriasis supports the beneficial effects seen in the TRANSFIGURE study.
Nail psoriasis is often not recognized and is undertreated and difficult to score, which complicates the performing of good quality studies with large patient cohorts. Moreover, with the introduction of new molecules, other comparative studies among biologic therapies or systemic and biologic agents are now needed to determine the best approach for the management of this often challenging and distressing clinical entity.
